The composition of an essential oil of savory (Satureja montana L.) from Slovenia was determined by GC/FID and GC-MS; the major components were carvacrol (41.5%), p-cymene (11.0%), thymol (8.6%), γ-terpinene (6.2%) and β-caryophyllene (4.1%). Using olfactory evaluations of the oil, a characteristic odor with strong carvacrol and thymol-notes was found.
The essential oil is deposited in the same manner as in garden savory -in the leaves (0.4%), the flowers (0.4%) and the stalks (trace amounts). The yield of essential oil is 0.24-0.66% in the case of fresh raw material and up to 2.5% in the dried drug. Winter savory is a wild growing plant in the Mediterranean and the Balkan countries and is cultivated in Western Europe, where several varieties have been created [1, 2] .
The major constituents of the essential oil are: thymol (0.3-61%) and carvacrol (4.8-84.2%). The oil contains also: linalool (0.1-11.5%, and up to 74%), borneol (0.1-29.6%), α-terpineol (to 5.5%), 1,8-cineole (to 19.5%) and other more minor components. The amount of the respective components depends greatly on the chemotype and the origin of the plant. For the oils obtained from various Mediterranean regions, different chemotypes have been recognized, the oils belonging to which contain carvacrol (57-84%); thymol (36-48%); linalool (22-74%); р-cymene (22-75%) and other constituents.
In France, four chemotypes are distinguished, characterized by the following major constituents: carvacrol (80%) and р-cymene (10%); linalool (90%); р-cymene (90%); linalool (70%), terpinen-4-оl (5%), α-terpineol (10%) and carvacrol (5%) [3] [4] [5] [6] [7] .
The antibacterial activity of savory essential oil has been well attested with regard to a number of species from the family Enterobacteriaceae, the genus Bacillus, as well as Staphylococcus aureus, Micrococcus luteus, Mycobacterium smegmatis, and Listeria monocytogenes [8] [9] [10] [11] . It has been established that the extract from savory has 100% fungicidal effect with respect to Alternaria mali and Botrytis cinerea, while the antifungal activity of the essential oil depends on its concentration [12] .
Many research results suggest that the activity of summer savory (Satureja hortensis L.) can be attributed to the antioxidant properties of its secondary metabolites. A number of scientific reports discuss the antioxidant properties of methanol extracts from savory [13, 14] , but studies on the antioxidant activity of savory essential oil are still missing. Yanishlieva et al. [15] established the antioxidant activity of the main components, thymol and carvacrol.
Antioxidation is a key pharmacological activity, which can be facilitated by the antioxidant substances as protective agents against numerous diseases caused by the overproduction of free radicals [16] . All higher plants produce natural antioxidants, which accumulate in every part of the plant [17] . Typical components that demonstrate antioxidant activity include vitamins, carotenoids, polyphenols and phenols. Their vital advantage over synthetic antioxidants is the lack of toxicity. Despite the fact that all living organisms are equipped with antioxidant systems for defense against oxidation damage, these systems are still inadequate for the complete exclusion of such damage. This explains why the use of non-toxic natural antioxidants in human diet is an issue of greatest importance. The aim of the study was to determine the chemical composition and the antioxidant activity of this essential savory oil from Slovenia.
Using GC and GC-MS, 48 compounds (96.8% of total composition) of the essential oil from S. montana from Slovenia were identified and carvacrol (41.5%), p-cymene (11.0%), thymol (8.6%), and γ-terpinene (6.2%), as well as β-caryophyllene (4.1%), were found to be the main constituents (see Table 1 ). After comparison of the odor-attributes of each single constituent (see Table 1 ), the following [22] [23] [24] [25] [26] . # in relative %-peak area using GC/FID with an apolar column (mean value of 3 analyses).
statement can be given: The main and some minor components are responsible for the characteristic odor-impression of this S. montana sample in a significant way.
In the DPPH test the ability of a compound to act as a donor of hydrogen atoms or electrons was measured spectrophotometrically. Table 2 shows the concentrations of savory oil, carvacrol, thymol, rutin, ascorbic acid, BHT and BHA resulting in a 50% inhibition of the free radical DPPH (IC 50 ). Compared Essential oil composition of Satureja montana Natural Product Communications Vol. 3 (7) 2008 1037 Hydroxyl radicals were generated in a reaction mixture containing ascorbate, hydrogen peroxide and iron III-EDTA at pH 7.4 and measured by their ability to degrade the sugar, deoxyribose [27, 28] . The presence of savory oil in the reaction mixture shielded deoxyribose against degradation by eliminating the highly reactive hydroxyl radicals (OH•) (Figure1). The experimental results proved that savory oil was a potent scavenger of OH• in competition with 2-deoxy-D-ribose, and that the effect intensified parallel to the increase of its concentration, peaking to 86.3% at 0.4 μg/mL, thus exceeding the performance of savory oil's major components [carvacrol 73.2% inhibition of OH• at 25.0 μg/mL, and thymol, 80.4% at 1.0 μg/mL (Figure 1) ]. Substantially weaker was the antioxidant activity of quercetin (77.8% at 20 μg/mL). The four antioxidants studied were ranged by their antioxidant effect (expressed as IC 50 ) in descending order, as follows: savory oil -0.0067 µg/mL (R 2 = 0.982), thymol -0.23 µg/mL (R 2 = 0.982), quercetin -4.6 µg/mL (R 2 = 0.834), and carvacrol -8.0 µg/mL (R 2 = 0.987). The same analytical method could also be applied for studying the inhibitory power of savory oil against the metal ion-dependant generation of OH•, and not only for assaying its ability to capture already formed radicals. When Fe 3+ ions are added to the reaction mixture as FeCl 3 instead of EDTA complex, some of the iron ions form a complex with deoxyribose. The Fe 3+ may be subsequently reduced by ascorbate to Fe 2+ , which in its turn may remain bound to deoxyribose and further react with H 2 O 2 .
The reaction generates the necessary OH• that immediately trigger the degradation of deoxyribose in a site-specific manner. Only molecules that are able to chelate Fe ions and make them inactive may inhibit the degradation of deoxyribose. Figure 1 (without EDTA) shows that savory oil, thymol, carvacrol and quercetin are scavengers of OH• and manifest chelation properties, most strongly expressed in the case of savory oil. Like most radicals, OH• can be neutralized by a hydrogen atom. The capture of OH• by savory oil was attributed to the hydrogen-donating ability of carvacrol and thymol.
The parallel between the scavenging abilities of savory oil with respect to the two radicals, DPPH and OH•, showed that the oil had greater scavenging activity in terms of OH• radicals (IC 50 for OH• scavenging was 0.0067 µg/mL opposed to 18.7 μg/mL for DPPH). The effect was most probably due to the variation in the mechanisms for the neutralization of the two radicals.
Superoxide is biologically important since it can be decomposed to form stronger oxidative species, such as singlet oxygen and hydroxyl radicals [29] . Superoxide anions indirectly initiate lipid oxidation as a result of superoxide and hydrogen peroxide being precursors of singlet oxygen and hydroxyl radicals [30] . Xanthine-xanthine oxidase is the system that is often used as a generator of superoxide radicals.
The superoxide anion scavenging activity of savory oil and BHT is presented in Table 3 . The reduced optical density at 560 nm in the presence of antioxidants was an indicator of superoxide radicals scavenging, with 78.8% inhibition achieved at the introduction of savory oil into the reaction mixture, which was greater than the scavenging activity of the synthetic antioxidant. Superoxydedismutase 100U/mL, with an inhibiting effect of 77.8%, was To evaluate the inhibitory effect of savory oil on lipid peroxidation, a model system comprised of linoleic acid emulsion was applied. The antioxidant capacity of the oil was assessed by studying the inhibition at an early stage of linoleic acid autoxidation, as well as after the generation of secondary oxidized products, expressed as malonaldehyde. Two indicators were considered relevant to the different degree of lipid Essential oil composition of Satureja montana Natural Product Communications Vol. 3 (7) 2008 1039 peroxidation -the formation of conjugated dienes and thiobarbituric acid reactive substances (TBARS). The impact of savory oil on lipid peroxidation was assayed at 37°С.
That aspect of the study revealed a concentration dependency of the antioxidant action of savory essential oil. With the increase of concentration from 0.005 to 0.01%. the inhibitory effect on lipid peroxidation also intensified for the entire period of the study (Figure 2A ). Most expressed was linoleic acid peroxidation on the 5 th day of incubation, as indicated by conjugated dienes formation. At that time of incubation, 53.3% inhibition was produced by 0.01% savory oil, compared with 35.2% inhibition by 0.01% BНT. In terms of impact on linoleic acid autoxidation, the antioxidants were most effective on the 8 th day of the study (64.5% inhibitory effect was achieved by 0.01% concentration of savory oil, compared to 61.9% inhibition by 0.01% BHT). The inhibition of conjugated dienes formation by the lower concentration of savory oil studied -0.005%, was 47.6% on the 8 th day of incubation.
When the second indicator for the detection of secondary oxidized products of linoleic acid, TBARS, was regarded, peak accumulation of malonaldehyde was observed, as in the case above, on the 5 th day of linoleic acid incubation ( Figure 2B ), i.e. the process ran in a pattern almost analogous to the formation of conjugated dienes. The inhibitory effect of the antioxidants reached 73.3% in the case of savory oil (0.01%) and 74.6% in the case of ВНТ (0.01%). The lower concentration of savory oil studied -0.005%, allowed for 59.5% inhibition of linoleic acid autoxidation on the 8 th day.
Conclusion:
The essential oil of S. montana from Slovenia possessed antiradical activity with regard to both OH• and DPPH radicals, but had substantially greater scavenging activity in terms of OH• scavenging, and was a more powerful antioxidant than quercetin. Savory oil revealed chelative capacity for Fe 3+ , thus preventing the initiation of hydroxyl radicals.
The essential oil of S. montana from Slovenia exhibited greater scavenging activity towards the superoxide radical than the synthetic antioxidant BHT. The oil inhibited conjugated dienes formation and the emergence of secondary products from lipid peroxidation. The revealed antioxidant properties are an additional pharmacological asset, expanding the scope of the oil's application as a natural preservative in food products.
